The goal of this two-year study was to explore the role of nutrients and 18 climatic conditions in promoting reoccurring Alexandrium fundyense blooms in the 19
saxitoxins, the causative agent of paralytic shellfish poisoning (PSP) (Anderson, 1994 ; 50 Anderson, 1997; Glibert et al., 2005) . Saxitoxins are a family of potent neurotoxins that 51 block sodium channels and cause severe illness or death in humans who consume 52 saxitoxin-contaminated shellfish (Kvitek and Beitler, 1988; Anderson, 1994) . The 53 frequency of Alexandrium blooms as well as the intensity of these events have been 54 increasing worldwide, and therefore so have PSP outbreaks (Anderson, 1994 from Maine to Massachusetts (Mulligan, 1975; Anderson, 1994 ; Anderson, 1997) . Since 67 then these large-scale regional blooms and associated PSP-related shellfish bed closures 68 have been near-annual occurrences in this region (Anderson, 1994 ; Anderson, 1997 ; 69 Townsend et al., 2001 ) to the detriment of the shellfish industry. For example, during the 70 2005 A. fundyense bloom in New England, the seafood industry lost more than $3 million 71 per week in revenue . 72
In contrast to these widespread coastal outbreaks, Alexandrium blooms also occur 73 in isolated embayments along the New England and Long Island coast. These are 74 considered "point source" outbreaks in which localized cyst germination inoculates the 75 overlying waters, with deposition of new cysts at the end of blooms providing the means 76 for the species to bloom again in subsequent years (e.g., Anderson and Morel, 1979 Bay and Mattituck Inlet (Schrey et al., 1984) ; these blooms, however, were not associated 84 with PSP events (e.g. toxic shellfish or human illness; Anderson et al., 1982; Schrey et 85 al., 1984) . At the time, this was attributed to the low toxin content or quota of Long 86
Island isolates, which contain proportionally more of the low potency C toxins than other 87 more potent congeners (Anderson et al., 1994) . The assumption was that very dense 88 blooms would be required for there to be dangerous levels of toxicity in shellfish. 89
Although there have been no studies of A. fundyense in NY waters since the 1980s, in 90 months (Anderson et al., 2005b ). An aliquot of preserved sample was filtered onto a 5 160 µm polycarbonate track-etched membrane (25mm in diameter). A pre-hybridization 161 buffer was incubated for 5 minutes with each sample and then filtered off of samples. A. 162 fundyense cells were labeled using oligonucleotide probe NA1 for the North American 163
ribotype Alexandrium fundyense/catenella/tamarense with Nu-light ™ dye conjugated to 164 the 5' end (5'-/5Cy3/AGT GCA ACA CTC CCA CCA-3'). A hybridization buffer, 165 containing pre-hybridization buffer in addition to probe (a final probe concentration of 166 4.8 ng l ) was added to each sample and allowed to incubate for 1 hour at 50
Following incubation, the hybridization buffer was filtered and samples were washed 168 with 0.2X SET for 5 minutes. Filters were then mounted onto a microscope slide and 169 glycerol was added to each filter to prevent fading of the probe. Cells were enumerated 170 using a Nikon epifluorescence microscope with a Cy3™ filter set (Anderson et al., samples were obtained using a Ponar grab and several subcores from the top 3cm were 201 taken using a modified syringe. All samples were processed according to Anderson et al. 202 (2005c) and stained with primulin (Yamaguchi et al., 1995) . Primulin stained cysts were 203 enumerated under an epifluorescent microscope using a 1 ml Sedgewick-Rafter slide. 204
Cyst concentrations were reported in cysts cc edulis, from regions not exposed to PSP toxins were hung off piers located adjacent to 232 sampling sites in Northport Harbor and in Huntington Harbor. These mussel bags were 233 deployed in the early spring when temperatures were below those optimal for A. 234 fundyense growth (< 10ºC). Mussel bags were collected weekly from each site and 235 mussels were shucked and extracts were prepared using standard techniques Table 1) . 253
The largest size fraction of chlorophyll (> 20 µm) accounted for 23±0.8% of the total 254 chlorophyll during the bloom peak. Both ammonium and silicate concentrations 255 increased slightly during the bloom compared to before and after the A. fundyense bloom 256 as did  15 N of the total plankton community which reached its annual maximum 257 (9.7±1.2‰) during the peak of the bloom (Fig. 2c, Fig. 3 ). During the week following 258 peak cell densities, elevated levels of toxins were found in mussels deployed in Northport 259
Harbor (37 μg STX eq./100g shellfish tissue). The A. fundyense bloom ended in June as 260 temperatures exceeded 20°C (Fig. 2a,c) . fundyense cell densities compared to unamended control treatments (Fig. 4) . During a 269 second experiment (30 May), the addition of ammonium resulted in 25% higher 270 particulate toxin concentrations and 70% higher cell densities (Fig. 4) . 271 ; Table 1 ). The highest concentrations of cysts were located in Northport 275
Presence of cysts in the Northport
Harbor with concentrations ranging from 18-50 cysts cc -1 (sites 2, 7 and 8; Table 1) . 276
Maximal cyst concentrations (50 cysts cc -1 ) were found at site 8 (Table 1) were all significantly (p<0.01 for each, t-test) higher before and after the bloom 289 (phosphate 1.5 ± 0.3M, nitrate 14.1 ± 2.6M, ammonium 7.0 ±2.0M) compared to 290 during the bloom peak (6 May through 29 May; phosphate 0.5 ±0.1M, nitrate 5.0 291 ±1.5M, ammonium 1.8 ± 1.0M; Fig. 5c ). In contrast, silicate levels gradually rose 292 from 7µM to 32M from April through June (Fig. 5c ). Throughout the bloom period, the 293
N of particulate organic matter ranged from 12 to 23‰ (Fig. 3) . Mussel toxin levels 294 exceeded the regulatory closure limit (80 g STX eq./100g shellfish tissue) two weeks 295 after the first detection of A. fundyense cells and peaked on 27 May (1,400g STX 296 eq./100g shellfish tissue) 11 days after peak cell and water column toxin concentrations 297 (Fig. 5a ). Native soft shell clams from this area were also highly toxic (600 g STX 298 eq./100g shellfish tissue). As such, 7,000 acres of shellfish beds in Northport and 299
Huntington Bays were closed to shellfishing for most of May and June 2008. During the 300 demise of the A. fundyense bloom, water column temperatures rose above 20ºC and 2 -301 20 m size fraction chlorophyll a levels increased nearly five-fold (Fig. 5b,c) . (Table 1 ). After the occurrence of peak cell densities in Huntington Harbor, high levels 311 of toxin were quantified in deployed mussels (161 g STX eq./100g shellfish tissue). (Table 1) . 315
Nutrient amendment experiments: 2008 316
The response of A. fundyense populations to nutrient amendments changed 317 through the course of the bloom. During experiments conducted at the beginning (30 318 April) and the demise of the A. fundyense bloom (2 June), there were no significant 319 changes in toxin concentrations in response to nutrient amendments ( 
